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TABLE C402.1.4
OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR METHOD? f

CLIMATE ZONE 5 AND MARINE 4

All Other | Group R
Roofs
: [ Insulation entirely above U-0.027 U-0.027
*| deck ' '
Metal buildings U-0.031 U-0.031
‘ Attic and other U-0.021 U-0.021
+ | Joist or single rafter U-0.027 U-0.027
) Walls, Above Grade
||| Mass U-0.104¢ U-0.078
Mass transfer deck slab edge U-0.20 U-0.20
Metal building U-0.052 U-0.052
Steel framed U-0.055 U-0.055
Wood framed and other U-0.054 U-0.054

Walls, Below Grade
Same as above grade

Same as above
Below-grade wall®

grade
Floors
Mass® U-0.031 U-0.031
Joist/framing U-0.029 U-0.029
Slab-on-Grade Floors
Unheated slabs F-054 F-0.54
" Heated slabs¢ F-0.55 F-0.55
Opaque Doors
Swinging U-0.37 U-0.37
Nonswinging U-0.34 U-0.34

Use of opaque assembly U-factors, C-factors, and F-factors from Appendix A is required unless otherwise allowed by Section C402.1.4.
Where heated slabs are below grade, they shall comply with the F-factor requirements for heated slabs.

Heated slab F-factors shall be determined specifically for heated slabs. Unheated slab factors shall not be used.

Exception: Integral insulated concrete block walls complying with ASTM C90 with all cores filled and meeting both of the following:

1. Atleast 50 percent of cores must be filled with vermiculite or equivalent fill insulation; and

2. The building thermal envelope encloses one or more of the following uses: Warehouse (storage and retail), gymnasium, auditorium,
church chapel, arena, kennel, manufacturing plant, indoor swimming pool, pump station, water and waste water treatment facility, storage
facility, storage area, motor vehicle service facility. Where additional uses not listed (such as office, retail, etc.) are contained within the
building, the exterior walls that enclose these areas may not utilize this exception and must comply with the appropriate mass wall R-
value from Table C402.1.3/U-factor from Table C402.1.4.
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e.  “Mass floors” shall include floors weighing not less than:
1.35 pounds per square foot of floor surface area; or
2.25 pounds per square foot of floor surface area where the material weight is not more than 120 pounds per cubic foot.

f.  Opaque assembly U-factors based on designs tested in accordance with ASTM C1363 shall be permitted. The R-value of continuous insulation
shall be permitted to be added or subtracted from the original test design.

TABLE C402.1.4.1
EFFECTIVE R-VALUES FOR STEEL STUD WALL ASSEMBLIES
NOMINAL | SPACING EFFECTIVE R-

STUD oF COMTY R | CORRECTION | VALUE (ER)
DEPTH FRAMING (insulation) FACTOR (Fe) (Cavity R-
(inches) | (inches) Value X Fo)
31/2 16 13 0.46 5.98
15 0.43 6.45
31/2 24 13 0.55 7.15
15 0.52 7.80
6 16 19 0.37 7.03
21 0.35 7.35
6 24 19 0.45 8.55
21 0.43 9.03
8 16 25 0.31 7.75
24 25 0.38 9.50
C402.1.5 Component performance alternative. Building Where the proposed vertical fenestration area is less than or
envelope values and fenestration areas determined in equal to Vertical Fenestration Area allowed, the value of C
accor(li_ance Wi'ttrt: ﬁ?uﬁfi?n :1'2 Shﬁ:j' ||£JE; Pifmit_teql_ ir;)llieu of (Excess Vertical Glazing Value) shall be zero. Otherwise:
compliance wi € U-tactors and F-factors in 1able C = (CA X UV) — (CA x Uwan), but not less than zero
grlxggtrlaﬁ :: irg:;) 3543223 ézecrzggllmgm allowable CA = (Proposed Vertical Fenestration Area) —
(Vertical Fenestration Area allowed)
A+B+C+D+E<Zero (Equation 4-2) UAW = Sum of the (UA table) values for each above-
Where: grade wall assembly
A = Sum of the (UA Dif) values for each distinct assembl Uwll = UAW/(sum of Proposed wall area + CA) .
type of the (buildiné) thermal envelope, other than slag/s UAV = ?::;;I;{;gégge%)a values for each vertical
on grade: B . .
UA Dif - UA Proposed — UA Table uv = UAV/Total Vertical Fenestration Area allowed

_ Where the proposed skylight area is less than or equal to the
UA Proposed = Proposed U-value x Proposed Area skylight area allowed by Section C402.4.1, the value of D

UA Table = (U-factor from Table C402.1.4 or (Excess Skylight Value) shall be zero. Otherwise:
C402.4) x Area

. L. D =(DAxUS)-(DAxU , but not less th
B = Sum of the (FL Dif) values for each distinct slab on D,(A x _) P( Xd R‘;(Of)l_ ; 20 ess ATF zergl
grade perimeter condition of the building thermal = (Proposed Skylight Area) — (Allowable
envelope: Skylight Area from Section C402.4.1)
FL Dif = FL Proposed — FL Table UAR = Sum of the (UA Table) values for each roof
bl
FL Proposed = Proposed F-value x Proposed assembly
Perimeter length URroof = UAR/sum of Proposed roof area
FL Table = (F-factor specified in Table UAS = Sum of the (UA Table) values for each skylight
C402.1.4) x Proposed Perimeter assembly _ _
length us = UAS/the Allowable Skylight Area from Section
i The maximum allowed prescriptive vertical fenestration - C40241
; area, identified as “Vertical Fenestration Area allowed” in Where required by other sections of the code, Proposal Total
= factor CA below, is the gross above-grade wall area times Envelope UA and Allowed Total Envelope UA shall be
s either: calculated as: .
T 1 30% Proposed = Sum of UA Proposed and FL .
* 2. 40% if the building complies with Section C402.4.1.1 Total Proposed for each distinct envelope &
. or Section C402.4.1.4; or Envelope UA assembly :
* 3. 40% if the U-values used in calculating A for vertical Allowed Total = SumUATable-C-D :
: fenestration are taken from Section C402.4.1.3 rather Envelope UA
' than Table C402.4 Where: :
Sum UA = Sum of UA Table and FL Table for =
Table each distinct envelope assembly :
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C402.1.5.1 Component U-factors. The U-factors for
typical construction assemblies are included in Chapter 3
and Appendix A. These values shall be used for all
calculations. Where proposed construction assemblies are
not represented in Chapter 3 or Appendix A, values shall
be calculated in accordance with the ASHRAE Handbook
of Fundamentals, using the framing factors listed in
Appendix A.

For envelope assemblies containing metal framing, the
U-factor shall be determined by one of the following
methods:

1. Results of laboratory measurements according to
acceptable methods of test.

2. ASHRAE Handbook of Fundamentals where the
metal framing is bonded on one or both sides to a
metal skin or covering.

3. The zone method as provided in ASHRAE
Handbook of Fundamentals.

4. Effective framing/cavity R-values as provided in
Appendix A. When return air ceiling plenums are
employed, the roof/ceiling assembly shall:

a.  For thermal transmittance purposes, not
include the ceiling proper nor the plenum
space as part of the assembly; and

b.  For gross area purposes, be based upon the
interior face of the upper plenum surface.
5. Tables in ASHRAE 90.1 Normative Appendix A.
C402.1.5.2 SHGC rate calculations. Fenestration SHGC
values for individual components and/or fenestration are
permitted to exceed the SHGC values in Table C402.4
and/or the maximum allowable fenestration areas in
Section C402.4.1 where the proposed values result in
SHGCA less than SHGCAt as determined by Equations
4-3 and 4-4.

EQUATION 4-3
TARGET SHGCAT
SHGCA: = SHGCogt(Aogt) + SHGCvgt(Avgt + Avgmt +
Avgmot + Avgdt)

Where:

SHGCAt .= The target combined specific heat gain of the
target fenestration area.

SHGCogt = The solar heat gain coefficient for skylight
fenestration found in Table C402.4.

Aogt = The target skylight area.

SHGCvgt .= The solar heat gain coefficient for fenestration
found in Table C402.4 which corresponds to the

proposed total fenestration area as a percent of
gross exterior wall area.

Avgt = The target vertical fenestration area with
nonmetal framing

Avgmt = The target vertical fenestration area with fixed
metal framing

Avgmot = The target vertical fenestration area with
operable metal framing

Avgdt = The proposed entrance door area

NOTE: The vertical fenestration area does not include opaque
doors and opaque spandrel panels.
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If the proposed vertical fenestration area does not exceed the
Vertical Fenestration Area allowed, the target area for each
vertical fenestration type shall equal the proposed area. If the
proposed vertical fenestration area exceeds the Vertical
Fenestration Area allowed, the target area of each vertical
fenestration element shall be reduced in the base envelope
design by the same percentage and the net area of each above-
grade wall type increased proportionately by the same
percentage so that the total vertical fenestration area is exactly
equal to the Vertical Fenestration Area allowed.

If the proposed skylight area does not exceed the Allowable
Skylight Area from Section C402.4.1, the target area shall
equal the proposed area. If the proposed skylight area exceeds
the Allowable Skylight Area from Section C402.4.1, the area of
each skylight element shall be reduced in the base envelope
design by the same percentage and the net area of each roof
type increased proportionately by the same percentage so that
the total skylight area is exactly equal to the allowed
percentage per Section C402.3.1 of the gross roof area.

EQUATION 4-4
PROPOSED SHGCAPp

SHGCAp = SHGCogAog+ SHGCygAvg
Where:
SHGCA: = The combined proposed specific heat gain of the
proposed fenestration area.

SHGCog = The solar heat gain coefficient of the skylights.
Aog = The skylight area.

SHGCvy = The solar heat gain coefficient of the vertical
fenestration.

Avg = The vertical fenestration area.

NOTE: The vertical fenestration area does not include opaque
doors and opaque spandrel panels.

C402.2 Specific building thermal envelope insulation
requirements (Prescriptive). Insulation in building thermal
envelope opaque assemblies shall comply with Sections
C402.2.1 through C402.2.6 and Table C402.1.3.

Where this section refers to installing insulation levels as
specified in Section C402.1.3, assemblies complying with
Section C402.1.5 are allowed to install alternate levels of
insulation so long as the U-factor of the insulated assembly is
less than or equal to the U-factor required by the respective
path.

C402.2.1 Multiple layers of continuous insulation.

Where two or more layers of continuous insulation board are
used in a construction assembly, the continuous insulation
boards shall be installed in accordance with Section C303.2.
If the continuous insulation board manufacturer’s installation
instructions do not address installation of two or more layers,
the edge joints between each layer of continuous insulation
boards shall be staggered.

C402.2.2Roof assembly. The minimum thermal resistance
(R-value) of the insulating material installed either between
the roof framing or continuously on the roof assembly shall
be as specified in Table C402.1.3, based on construction
materials used in the roof assembly. Skylight curbs shall be
insulated to the level of roofs with insulation entirely above
deck or R-5, whichever is less.
Exceptions:

1. Continuously insulated roof assemblies where the
thickness of insulation varies 1 inch (25 mm) or
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less and where the area-weighted U-factor is
equivalent to the same assembly with the R-
value specified in Table C402.1.3.

2. Where tapered insulation is used with insulation
entirely above deck, those roof assemblies shall
show compliance on a U-factor basis per
Section C402.1.4. The effective U-factor shall
be determined through the use of Tables
A102.2.6(1), A102.2.6(2) and A102.2.6(3).

3. Unit skylight curbs included as a component of
skylight listed and labeled in accordance with
NFRC 100 shall not be required to be insulated.

Insulation installed on a suspended ceiling with
removable ceiling tiles shall not be considered part of the
minimum thermal resistance of the roof insulation.

C402.2.3 Thermal resistance of above-grade walls.
The minimum thermal resistance (R-value) of
materials installed in the wall cavity between the
framing members and continuously on the walls shall
be as specified in Table C402.1.3, based on framing
type and construction materials used in the wall
assembly. The R-value of integral insulation installed
in concrete masonry units (CMU) shall not be used in
determining compliance with Table C402.1.3.

"Mass walls" shall include walls:

1. Weighing not less than 35 psf (170 kg/m?) of
wall surface area.

2. Weighing not less than 25 psf (120 kg/m?) of
wall surface area where the material weight is
not more than 120 pounds per cubic foot (pcf)
(1,900 kg/md).

3. Having a heat capacity exceeding 7 Btu/ft? x °F
(144 kKJ/m? x K).

4. Having a heat capacity exceeding 5 Btu/ft?> x° F
(103 kJ/m? x K) where the material weight is not
more than 120 pcf (1900 kg/m3).

C402.2.4 Thermal resistance of below-grade walls.
The minimum thermal resistance (R-value) of the
insulating material installed in, or continuously on, the
below-grade walls shall be as specified in Table
C402.1.3.

C402.2.5 Floors. The thermal properties (component
R-values or assembly U- or F-factors) of floor
assemblies over outdoor air or unconditioned space
shall be as specified in Table C402.1.3 or C402.1.4
based on the construction materials used in the floor
assembly. Floor framing cavity insulation or structural
slab insulation shall be installed to maintain permanent
contact with the underside of the subfloor decking or
structural slabs.

Exceptions:

1. The floor framing cavity insulation or structural
slab insulation shall be permitted to be in
contact with the top side of sheathing or
continuous
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insulation installed on the bottom side of floor
assemblies where combined with insulation that
meets or exceeds the minimum R-value in Table
C402.1.3 for “Metal framed” or “Wood framed
and other” values for “Walls, Above Grade” and
extends from the bottom of the top of all
perimeter floor framing or floor assembly
members.

2. Insulation applied to the underside of concrete
floor slabs shall be permitted an air space of not
more than 1 inch where it turns up and is in
contact with the underside of the floor under
walls associated with the building thermal
envelope.

C402.2.6 Slabs-on-grade perimeter insulation. Where
the slab-on-grade is in contact with the ground, the
minimum thermal resistance (R-value) of the insulation
around the perimeter of unheated or heated slab-on-grade
floors designed in accordance with the R-value method of
Section C402.1.3 shall be as specified in Table C402.1.3.
The insulation shall be
placed on the outside of the foundation or on the inside of
the foundation wall. The insulation shall extend
downward from the top of the slab for a minimum
distance as shown in the table or to the top of the footing,
whichever is less, or downward to at least the bottom of
the slab and then horizontally to the interior or exterior
for the total distance shown in the table. Insulation
extending away from the building shall be protected by
pavement or by a minimum of 10 inches
(254 mm) of soil. Insulation complying with Table
C402.1.3 shall be provided under the entire area of heated
slabs-on-grade.

Exception: Where the slab-on-grade floor is greater

than 24 inches (61 mm) below the finished exterior

grade, perimeter insulation is not required.

C402.2.7 Reserved.

C402.2.8 Insulation of radiant heating systems.
Radiant heating system panels and their associated
components that are installed in interior or exterior
assemblies shall be insulated with a minimum of R-3.5
(0.62 m%K x W) on all surfaces not facing the space
being heated. Radiant heating system panels that are
installed in the building thermal envelope shall be
separated from the exterior of the building or
unconditioned or exempt spaces by not less than the R-
value of the insulation installed in the opaque
assembly in which they are installed or the assembly
shall comply with Section C402.1.4.

Exception: Heated slabs-on-grade insulated in

accordance with Section C402.2.6.

C402.3 Reserved. -

C403.4 Fenestration (Prescriptive). Fenestration shall
comply with Sections C402.4 through C402.4.4 and
Table C402.4. Daylight responsive controls shall comply
with this section and Section C405.2.4.1.
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C404.3 Efficient heated water supply piping. Heated
water supply piping shall be in accordance with Section
C404.3.1 or C404.3.2. The flow rate through 1/4-inch
(6.4 mm) piping shall be not greater than 0.5 gpm (1.9
L/m). The flow rate through 5/16-inch (7.9 mm) piping
shall be not greater than 1 gpm (3.8 L/m). The flow rate
through 3/8-inch (9.5 mm) piping shall be not greater
than 1.5 gpm (5.7 L/m). Water heaters, circulating water
systems and heat trace temperature maintenance systems
shall be considered sources of heated water.

C404.3.1 Maximum allowable pipe length method.
The maximum allowable piping length from the
nearest source of heater water to the termination of the
fixture supply pipe shall be in accordance with the
following. Where the piping contains more than one
size of pipe, the largest size of pipe within the piping
shall be used for determining the maximum allowable
Iength of the piping in Table C404.3.1.
For a public lavatory faucet, use the "Public
lavatory faucets” column in Table C404.3.1.
2. For all other plumbing fixtures and plumbing
appliances, use the "Other fixtures and
appliances” column in Table C404.3.1.

C404.3.2 Maximum allowable pipe volume method.
The water volume in the piping shall be calculated in
accordance with Section C404.3.2.1. The volume from
the nearest source of heated water to the termination of
the fixture supply pipe shall be as follows:
1. For a public lavatory faucet: Not more than 2
ounces (0.06 L).
2. For other plumbing fixtures or plumbing
appliances; not more than 0.5 gallon (1.89 L).

Effective July 1, 2019

C404.3.2.1 Water volume determination. The
volume shall be the sum of the internal volumes of
pipe, fittings, valves, meters and manifolds between
the nearest source of heated water and the
termination of the fixture supply pipe. The volume
in the piping shall be determined from the "Volume"
column in Table C404.3.1. The volume contained
within fixture shutoff valves, within flexible water
supply connectors to a fixture fitting and within a
fixture fitting shall not be included in the water
volume determination. Where heated water is
supplied by a recirculating system or heat-traced
piping, the volume shall include the portion of the
fitting on the branch pipe that supplies water to the
fixture.

C404.4 Heat traps. Water-heating equipment not
supplied with integral heat traps and serving
noncirculating systems shall be provided with heat traps
on the supply and discharge piping associated with the
equipment.

C404.5 Water heater installation. Electric water
heaters in unconditioned spaces or on concrete floors
shall be placed on an incompressible, insulated surface
with a minimum thermal resistance of R-10.

C404.6 Insulation of piping. Piping from a water heater
to the termination of the heated water fixture supply pipe
shall be insulated in accordance with Table C403.2.9. On
both the inlet and outlet piping of a storage hot water
heater or heated water storage tank, the piping to a heat
trap or the first 8 feet (2438 mm) of piping, whichever is
less, shall be insulated. Piping that is heat traced shall be
insulated in accordance with Table C403.2.9 or the heat

TABLE C404.3.1
PIPING VOLUME AND MAXIMUM PIPING LENGTHS

NOMINAL PIPE SIZE VOLUME MAXIMUM I(:’erPeItl\)lG LENGTH
(inches) (quid ounces per foot length) Public lavatory faucets Other fixtures and appliances

14 0.33 6 50
5/16 0.5 4 50

3/8 0.75 3 50

12 15 2 43

5/8 2 1 32

3/4 3 0.5 21

I8 4 0.5 16

1 5 0.5 13

14 8 0.5 8
1112 11 0.5 6

2 or larger 18 0.5 4
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trace manufacturer’s instructions. Tubular pipe insulation
shall be installed in accordance with the insulation
manufacturer’s instructions. Pipe insulation shall be
continuous except where the piping passes through a
framing member. The minimum insulation thickness
requirements of this section shall not supersede any greater
insulation thickness requirements necessary for the
protection of piping from freezing temperatures or the
protection of personnel against external surface
temperatures on the insulation.

Exception: Tubular pipe insulation shall not be required

on the following:

1. The tubing from the connection at the termination
of the fixture supply piping to a plumbing fixture
or plumbing appliance.

2. Valves, pumps, strainers and threaded unions in
piping that is 1 inch (25 mm) or less in nominal
diameter.

3. Piping from user-controlled shower and bath
mixing valves to the water outlets.

4. Cold-water piping of a demand recirculation water
system.

5. Tubing from a hot drinking-water heating unit to
the water outlet.

6. Piping at locations where a vertical support of the
piping is installed.

7. Piping surrounded by building insulation with a
thermal resistance (R-value) of not less than R-3.

8. Hot water piping that is part of the final pipe run
to the plumbing fixture and is not part of the
heated-water circulation system circulation path is
not required to meet the minimum insulation
requirements of C404.6.

C404.7 Heated-water circulating and temperature
maintenance systems. Heated-water circulation systems
shall be in accordance with Section C404.7.1. Heat trace
temperature maintenance systems shall be in accordance
with Section C404.7.2. Controls for hot water storage shall
be in accordance with Section C404.7.3. Automatic

controls, temperature sensors and pumps shall be accessible.

Manual controls shall be readily accessible.

C404.7.1 Circulation systems. Heated-water circulation
systems shall be provided with a circulation pump. The
system return pipe shall be a dedicated return pipe or a
cold water supply pipe. Gravity and thermo-syphon
circulation systems shall be prohibited. Controls for
circulating hot water system pumps shall start the pump
based on the identification of a demand for hot water
within the occupancy. The controls shall automatically
turn off the pump when the water in the circulation loop
is at the desired temperature and when there is no demand
for hot water.

C404.7.2 Heat trace systems. Electric heat trace systems
shall comply with IEEE 515.1. Controls for such systems
shall be able to automatically adjust the energy input to
the heat tracing to maintain the desired water temperature
in the piping in accordance with the times when heated
water is used in the occupancy. Heat trace shall be
arranged to be turned off automatically when there is no
hot water demand.
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C404.7.3 Controls for hot water storage. The
controls on pumps that circulate water between a water
heater and a heated-water storage tank shall limit
operation of the pump from heating cycle startup to not
greater than 5 minutes after the end of the cycle.

C404.8 Demand recirculation controls. A water
distribution system having one or more recirculation
pumps that pump water from a heated-water supply pipe
back to the heated-water source through a cold-water
supply pipe shall be a demand recirculation water
system. Pumps shall have controls that comply with both
of the following:

1. The control shall start the pump upon receiving a
signal from the action of a user of a fixture or
appliance, sensing the presence of a user of a
fixture or sending the flow of hot or tempered
water to a fixture fitting or appliance.

2. The control shall limit the temperature of the
water entering the cold water-piping to 104°F
(40°C)

C404.9 Domestic hot water meters. Each individual
dwelling unit in a Group R-2 multi-family residential
occupancy with central service shall be provided with a
domestic hot water meter to allow for domestic hot water
billing based on actual domestic hot water usage.

C404.10 Drain water heat recovery units. Drain water
heat recovery units shall comply with CSA B55.2.
Potable waterside pressure loss shall be less than 10 psi
(69 kPa) at maximum design flow. For Group R
occupancies, the efficiency of drain water heat recovery
unit efficiency shall be in accordance with CSA B55.1.

C404.11 Energy consumption of pools and permanent
spas (Mandatory). The energy consumption of pools
and permanent spas shall be controlled by the
requirements in Sections C404.11.1 through C404.11.4.

C404.10.1 Heaters. Heat pump pool heaters shall have
a minimum COP of 4.0 determined in accordance with
ASHRAE Standard 146. Other pool heating equipment
shall comply with the applicable efficiencies in
Section C404.2.

The electric power to all heaters shall be controlled
by a readily accessible on-off switch that is an integral
part of the heater, mounted on the exterior of the
heater, or external to and within 3 feet of the heater.
Operation of such switch shall not change the setting
of the heater thermostat. Such switches shall be in
addition to a circuit breaker for the power to the
heater. Gas fired heaters shall not be equipped with
constant burning pilot lights.

C404.10.2 Time switches. Time switches or other
control method that can automatically turn off and on
heaters and pump motors according to a preset
schedule
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1. Group F: Laundries.

2. Group R-2: Buildings with residential
occupancies.

3. Group A-3: Health clubs and spas.

4. Buildings with a service hot water load of 10
percent or more of total building energy loads,
as shown with an energy analysis as described
in Section C407.

C406.7.2 Load fraction. Not less than 60 percent of
the annual building service hot water heating energy
use, or not less than 100 percent of the annual building
service hot water heating energy use in buildings
subject to the requirements of Section C403.5.4, shall
be provided by one or more of the following:

1. Service hot water system delivering heating
requirements using heat pump technology with
a minimum COP of 3.0.

2. Waste heat recovery from service hot water, heat
recovery chillers, building equipment, process
equipment, a combined heat and power system,
or other approved system.

3. Solar water-heating systems.

C406.8 Enhanced envelope performance. The Proposed
Total Envelope UA of the building thermal envelope shall
be 15 percent lower than the Allowed Total UA for a
building of identical configuration and fenestration area in
accordance with Section C402.1.5 and Equation 4-2.

C406.9 Reduced air infiltration. Air infiltration shall be
verified by whole building pressurization testing
= conducted in accordance with ASTM E779 or ASTM
= E1827 by an independent third party. The measured air
= leakage rate of the building envelope shall not exceed
® 0.25 cfm/ft? (2.0 L/s*m?) under a pressure differential of
= 0.3 in. water (75 Pa), with the calculated surface area
= being the sum of the above and below grade building
= envelope. A report that includes the tested surface area,
= floor area, air by volume, stories above grade, and
. leakage rates shall be submitted to the code official and
= the building owner.

Exception: Where the conditioned floor area of the
building is not less than 250,000 ft? (25,000 m?), air
leakage testing shall be permitted to be conducted on
representative above grade sections of the building
provided the conditioned floor area of tested areas is
no less than 25 percent of the conditioned floor area of
the building and are tested in accordance with this
section.
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SECTION C407
TOTAL BUILDING PERFORMANCE

C407.1 Scope. This section establishes criteria for
compliance using total building performance. All
systems and loads shall be included in determining the
total building performance including, but not limited to:
Heating systems, cooling systems, service water heating,
fan systems, lighting power, receptacle loads and process
loads.

C407.2 Mandatory requirements. Compliance with
this section requires that the criteria of Sections C402.5,
C403.2, C404 and C405 be met.

The building permit application for projects utilizing this
method shall include in one submittal all building and
mechanical drawings and all information necessary to
verify that the building envelope and mechanical design
for the project corresponds with the annual energy
analysis. If credit is proposed to be taken for lighting
energy savings, then an electrical permit application shall
also be submitted and approved prior to the issuance of
the building permit. If credit is proposed to be taken for
energy savings from other components, then the
corresponding permit application (e.g., plumbing, boiler,
etc.) shall also be submitted and approved prior to the
building permit application. Otherwise, components of the
project that would not be approved as part of a building
permit application shall be modeled the same in both the
proposed building and the standard reference design and
shall comply with the requirements of this code.

C407.3 Performance-based compliance. Compliance
based on total building performance requires that a
proposed building (proposed design) be shown to have an
annual energy consumption based on site energy
expressed in Btu and Btu per square foot of conditioned
floor area that complies with one of the following three
options:
1. Islessthan or equal to 87 percent of the annual
energy consumption of the standard reference
design.

2. Is less than or equal to 90 percent of the annual
energy consumption of the standard reference
design and the project complies with one
additional energy efficiency package option in
Section C406. The standard reference design shall
include the selected Section C406 additional
efficiency package option unless the option
selected is DOAS per Section C406.6. For office,
retail, education, libraries and fire stations that
comply with the DOAS requirements in Section
C403.6 with or without exceptions, the standard
reference design shall select the HVAC system
per Table C407.5.1(2). Other buildings occupancy
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types that comply with the DOAS requirements in
Section C403.6 shall select the standard reference
design for the HVAC system from Table
C407.5.1(3).

3. Isless than or equal to 93 percent of the annual
energy consumption of the standard reference
design and the project complies with two
additional efficiency package options in Section
C406. The standard reference design shall include
the selected Section C406 additional efficiency
package option unless the option selected is
DOAS per Section C406.6. For office, retail,
education, libraries and fire stations that comply
with the DOAS requirements in Section C403.6
with or without exceptions, the standard reference
design shall select the HVAC system per Table
C407.5.1(2). Other buildings occupancy types that
comply with the DOAS requirements in Section
C403.6 shall select the standard reference design
for the HVAC system from Table C407.5.1(3).

The output file shall include energy use totals
and energy use by energy source and end-use
served, total hours that space conditioning loads
are not met and any errors or warning messages
generated by the simulation tool as applicable;

4. An explanation of any error or warning
messages appearing in the simulation tool
output; and

5. A certification signed by the builder providing
the building component characteristics of the
proposed design as given in Table C407.5.1(1).

C407.5 Calculation procedure. Except as specified by
this section, the standard reference design and proposed
design shall be configured and analyzed using identical
methods and techniques.

C407.5.1 Building specifications. The standard
reference design and proposed design shall be
configured and analyzed as specified by Table
C407.5.1(1). Table C407.5.1(1) shall include by
reference all notes contained in Table C402.1.4.

C407.4 Documentation. Documentation verifying that
the methods and accuracy of compliance software tools
conform to the provisions of this section shall be
provided to the code official.

C407.5.2 Thermal blocks. The standard reference
design and proposed design shall be analyzed using
identical thermal blocks as specified in Section

C407.4.1 Compliance report. Building permit
submittals shall include a report that documents that
the proposed design has annual energy consumption
less than or equal to the annual energy consumption of
the standard reference design. The compliance
documentation shall include the following information:

1. Address of the building;

2. Aninspection checklist documenting the
building component characteristics of the
proposed design as listed in Table C407.5.1(1).
The inspection checklist shall show the
estimated annual energy consumption for both
the standard reference design and the proposed

design;

3. Name of individual completing the compliance
report; and

4. Name and version of the compliance software
tool.

C407.4.2 Additional documentation. The code
official shall be permitted to require the following
documents:

1. Documentation of the building component
characteristics of the standard reference design;

2. Thermal zoning diagrams consisting of floor
plans showing the thermal zoning scheme for
standard reference design and proposed design;

3. Input and output report(s) from the energy
analysis simulation program containing the
complete input and output files, as applicable.
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C407.5.2.1, C407.5.2.2 or C407.5.2.3.

C407.5.2.1 HVAC zones designed. Where HVAC
zones are defined on HVAC design drawings, each
HVAC zone shall be modeled as a separate thermal
block.

Exception: Different HVAC zones shall be
allowed to be combined to create a single thermal
block or identical thermal blocks to which
multipliers are applied provided:

1. The space use classification is the same
throughout the thermal block.

2.  All HVAC zones in the thermal block that
are adjacent to glazed exterior walls face
the same orientation or their orientations
are within 45 degrees (0.79 rad) of each
other.

3. All of the zones are served by the same
HVAC system or by the same kind of
HVAC system.

C407.5.2.2 HVAC zones not designed. Where
HVAC zones have not yet been designed, thermal
blocks shall be defined based on similar internal
load densities, occupancy, lighting, thermal and
temperature schedules, and in combination with the
following guidelines:

1. Separate thermal blocks shall be assumed for
interior and perimeter spaces. Interior spaces
shall be those located more than 15 feet (4572
mm) from an exterior wall. Perimeter spaces
shall be those located closer than 15 feet
(4572 mm) from an exterior wall.
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